Enteroviruses survived for up to 38 days without diminishing in numbers in extended-aeration sludges maintained at 5°C. In oxidation ditch sludges similarly maintained, enteroviruses survived for up to 17 days without diminishing in numbers. The pHs of the sludges in this study were well inside the pH 6 to 8 corridor in which destruction of enteroviruses by the detergents and ammonia present in sludges reportedly does not occur. Unexplained, however, was the survival of large numbers of enteroviruses in sludges at pH 3.5, a pH at which some anionic detergents commonly present in sewage are rapidly virucidal. The long survival of enteroviruses in these sludges at 5°C indicates that such sludges can probably be stored under refrigeration in the laboratory for extended periods while awaiting processing without suffering significant losses in enterovirus numbers.
Enteroviruses survived for up to 38 days without diminishing in numbers in extended-aeration sludges maintained at 5°C. In oxidation ditch sludges similarly maintained, enteroviruses survived for up to 17 days without diminishing in numbers. The pHs of the sludges in this study were well inside the pH 6 to 8 corridor in which destruction of enteroviruses by the detergents and ammonia present in sludges reportedly does not occur. Unexplained, however, was the survival of large numbers of enteroviruses in sludges at pH 3.5, a pH at which some anionic detergents commonly present in sewage are rapidly virucidal. The long survival of enteroviruses in these sludges at 5°C indicates that such sludges can probably be stored under refrigeration in the laboratory for extended periods while awaiting processing without suffering significant losses in enterovirus numbers.
Large quantities of sludge are generated by biological treatment of municipal wastewater. Such sludge contains large numbers of enteroviruses and other viruses pathogenic for humans. The treatment and safe disposal of sludge are thus of major importance to regulators and land developers in the United States. In cold-and temperate-climate areas, temperatures in the near-freezing range may persist for long periods. Since viruses survive longer in cold temperatures than in warm temperatures, it is important to know how well viruses survive in sludges under cold conditions. Such information is also useful in the laboratory, because sometimes sludge samples cannot be processed on the days that they are collected, and it is important to know for how long virus numbers remain stable in cold storage.
The study presented here demonstrates that enteroviruses are stable for long periods at 5°C in extended-aeration sludges and in oxidation ditch sludges.
The sludges used in this study were taken from wastewater treatment plants that used extended-aeration and oxidation ditch processes. These processes are conceptually identical in that they bring about waste stabilization through relatively long hydraulic residence times (on the order of 24 h or more) at low food/microorganism ratios. Both are most commonly used to treat wastewater flows from small communities, developments, and institutions.
Extended 040885 . The pHs in the extended-aeration sludges ranged from 6.4 to 7.4; the pHs in the oxidation ditch sludges ranged from 6.3 to 6.9 (Table 1) . The pH levels in sludges are important, because they affect the level of nonionized ammonia (NH3) present and the susceptibility of viruses to some detergents present. Ammonia is virucidal, and under appropriate pH conditions, certain detergents are also virucidal. The lack of homogeneity among all sludges contributed greatly to error in viral and probably in all other assays in sludges. Nonetheless, the data suggest that at 5°C viruses usually survive in extended-aeration sludges and in oxidation ditch sludges for at least several weeks without a measurable loss in numbers ( Fig. 1 and 2) . The reported to protect against temperature inactivation (8) . At neutral and alkaline pHs, the cationic detergent dodecyltrimethylammonium chloride also reportedly protects enteroviruses against heat (8) . Ammonia is a powerful virucide, but the ammonium ion (NH4+) appears not to be enterovirucidal. Although significant quantities of NH3 and NH4' occur in most sludges, there is little NH3 below pH 8 (7) . Both the extended-aeration sludges and the oxidation ditch sludges, collected during many different months of the year, occurred in a pH corridor (between pHs 6 and 8) that reportedly protects the enteroviruses present from potentially virucidal constituents in the sludges (7-9). The extended-aeration sludges ranged in pH from 6.4 to 7.4. The oxidation ditch sludges ranged in pH from 6.3 to 6.9. Yet to be explained, however, is the survival of large numbers of enteroviruses in sludges treated for about 1 h at pH 3.5 (as were all sludges in this study). In comparative studies (3, 4) , the adsorption of virions in suspension onto sludge solids at pH 3.5 (as we did in this study) before elution of the virions from the solids yielded greater numbers of virions than did the same method without the pH 3.5 adsorption step. Anionic detergents (such as sodium dodecyl sulfate) commonly found in domestic sewage are extensively virucidal in 1 h at pH 3.5 (8) .
The long survival of enteroviruses in extended-aeration sludges and in oxidation ditch sludges maintained at 5°C indicates, of course, that such sludges must be appropriately treated before discharge to the environment. It also indicates that such sludges usually may be stored in the laboratory under refrigeration for extended periods of time when necessary without affecting the numbers of viable enteroviruses present.
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